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Helmut: 
Exploring the remote parts 
of the World and of 
the QCD phase diagram

Thar desert at the border of India and Pakistan





November revolution:



Why is heavy quarkonium so narrow?



Why are heavy quarks so important?

.i

Heavy quark masses MH are generated at the electroweak scale,
and are external parameters in QCD;

Heavy quarks are “heavy” because their masses are large 
on the typical QCD scale of ΛQCD:
                                                         MH >> ΛQCD



Putting J/Ψ to work:



Matsui & Satz:

NA38: the first observation 
of J/Ψ suppression



Experimental information
CERN: NA38/50/60 experiments

NA50 Coll., hep-ex/0412036



J/Ψ suppression in the plasma

.i

Heavy quarkonia are very sensitive to the properties 
of QCD matter; when Debye length becomes smaller 
than the size of quarkonium,

            RDebye(T) ~ 1/(gT) <  RQuarkonium ~ 1 / (αs MH ), 

quarkonia are screened out of existence   T. Matsui & H. Satz ‘86

this happens when T ~ g MH  

(what is the corresponding formula for strong coupling?)
                                                                                         
However, even before that, when T ~ ε ~ αs

2 MH, 
quarkonia can be dissociated due to thermal activation
                                                        



What is the mechanism of dissociation?

.i

In cold matter, dissociation rate is relatively small due to
the softness of gluon distributions in confined matter,
but it is large, O(1 fm-1), in hot QCD matter
                                                                              DK & H. Satz ‘94

Dissociation mechanism - gluo-effect
                                                                                                    E.Shuryak ‘78
                                                                                                   G.Bhanot, M.Peskin ‘79

dominates if                         (strong coupling regime)

Screening dominates if                     (weak coupling)



What mechanism is more important?
DK, L.McLerran, H.Satz 
hep-ph/9504338

Weak coupling:

Strong coupling:



Heavy quark internal energy and screening:
lattice QCD results

O.Kaczmarek, F. Karsch, P.Petreczky,
F. Zantow, hep-lat/0309121 Interaction energy 

exceeds the temperature -
strong coupling!



J/Ψ above Tc: alive and well?

M.Asakawa,
T.Hatsuda

S.Datta,
F.Karsch,
P.Petreczky,
I.Wetzorke



J/ψ suppression at RHIC

“same as at SPS”?



Sequential charmonium dissociation

Both the absence of J/ψ suppression up to ~ 2 Tc and 
the apparent similarity of the magnitude of suppression 
at RHIC and SPS are puzzling;
However, the two puzzles may be consistent with each other 

F.Karsch, DK, H.Satz, 
hep-ph/0512239



Is there  a “direct” J/ψ
suppression at SPS?



Is there  a “direct” J/ψ
suppression at RHIC?

Data: PHENIX, NA50, NA60



Transverse momentum distributions

Glauber model 
analysis



Recombination of charm quarks?

R.Thews

Recombination narrows the rapidity distribution; is this seen?
Are high p_t charmonia suppressed stronger than open charm?

Talk by R.Thews



Summary
1. 20 years after, the problem of J/ψ behavior 
     in quark-gluon plasma remains in the focus 
     of attention

2. This problem may well keep the key to 
     understanding the strongly coupled plasma, 
     much like the surprising properties of J/ψ   
     were central to understanding QCD
 
           More work has to be done…

                          


